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Introduction
In middle-aged and elderly men LUTS are highly prevalent and are negatively associated with quality of life, contributing to a significant public health burden [1] . Despite extensive research efforts, the aetiology and mechanism of LUTS have not been fully elucidated. The extent of LUTS is most commonly assessed using the IPSS questionnaire. The IPSS is an internationally accepted, quantitative, objective clinical scale of the severity of LUTS [1, 2] .
Physical activity is one of the modifiable risk factors for LUTS. Increased physical activity has been reported to have an inverse association with LUTS in previous studies [3] . Recently, prolonged sitting time has been reported to be associated with adverse health outcomes including obesity, diabetes, insulin resistance, metabolic syndrome, cardiovascular disease, cancer and mortality, and these associations appear to be independent of the protective contributions of moderate-to-vigorous physical activity [4] [5] [6] [7] . At present, the underlying mechanisms of these detrimental effects of prolonged sitting time remain uncertain. Prolonged sitting time can produce changes in the musculoskeletal and vascular milieu in the pelvis and lower extremity vasculature and these changes may cause LUTS. We hypothesized that prolonged sitting time would affect adversely LUTS. No studies have investigated the association between sitting time and the incidence of LUTS independently of physical activity.
The aim of the present study, therefore, was to evaluate the association of sitting time and physical activity level with the development of LUTS in a large cohort of men free of LUTS at baseline who participated in a health screening examination programme.
Materials and Methods

Study Population
The Kangbuk Samsung Health Study was a cohort study of Korean men and women who underwent a comprehensive annual or biennial examination at Kangbuk Samsung Hospital Total Healthcare Centres in Seoul and Suwon, Republic of Korea [8, 9] . The study population consisted of the subset of male Kangbuk Samsung Health Study participants who completed a physical activity questionnaire and underwent a comprehensive health examination between March 2011 and December 2014, and who had at least one follow-up visit prior to December 2015 (n = 107 099). We excluded participants who met any of the following criteria at baseline: missing data for IPSS (n = 6 165); serum PSA level ≥3 ng/mL (n = 2 211); pyuria (n = 2 613); haematuria (n = 4 819); history of malignancy (n = 1 762); history of cardiovascular disease (n = 1 508); liver cirrhosis on ultrasonography (n = 76); history of kidney or bladder disease, renal failure or BPH (n = 6 534); use of antipsychotic or antidepressant medication (n = 342); use of medication for BPH (n = 805); or use of medication for alopecia (n = 2 208). Finally, we excluded participants with an IPSS ≥8 at baseline (n = 19 236). As some men met more than one criterion for exclusion, the total number of participants included in the study was 69 795 (Fig. 1) . The study was approved by the institutional review board of the Kangbuk Samsung Hospital, which waived the requirement for informed consent as we used only de-identified data obtained as part of routine health screening examinations.
Measurements
Data on demographic characteristics, education level, medical history, medication, smoking status and alcohol consumption were also collected by self-administered, standardized questionnaires as previously described [8, 9] .
We measured physical activity levels and sitting time using the validated Korean version of the International Physical Activity Questionnaire (IPAQ) Short Form [10, 11] . The IPAQ measures the duration and frequency of any walking and other moderate to vigorous physical activity conducted for >10 continuous min across all behaviours (including work, home and leisure) during a week. Metabolic equivalents (METs; min/week) can be derived from the IPAQ by allocating standardized MET values of 3.3, 4 and 8 for walking, moderate intensity and vigorous intensity, respectively. Physical activity levels were stratified into three categories: inactive; minimally active; and health-enhancing physically active (HEPA), as previously described [9] . Total 7-day period sitting time was measured according to the single question: 'During the last 7 days, how much time did you usually spend sitting?', which has been verified for validity and reliability [10] . This measurement included time spent sitting in a variety of domains (i.e. work, home, leisure and recreation). To date, there are no established applicable thresholds for reference data presented as categorical levels in sitting time. In the present study, sitting time was classified into the following groups using the thresholds commonly used in previous studies: <5, 5-9, and ≥10 h/day [9, 12] . Usual dietary consumption was measured using a 106-item selfadministered food-frequency questionnaire designed and validated for use in Korea [13] .
Anthropometric characteristics, including height, weight and body composition and blood pressure were measured by trained nurses. Body mass index (BMI) was calculated as weight (kg) divided by squared height (m 2 ). We categorized BMI according to the criteria proposed for Asian populations [14] . Percentage of body fat and skeletal muscle mass were estimated using a multi-frequency bioimpedance analyser with eight-point tactile electrodes (InBody 720; Biospace Co., Seoul, Korea), which was validated with respect to reproducibility and accuracy for body composition [15] . Hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or current use of antihypertensive medication. Blood specimens were sampled after at least a 10-h fast. Serum concentrations of biochemical variables, including fasting blood glucose, glycated haemoglobin, insulin, total cholesterol, high-density lipoprotein cholesterol and lowdensity lipoprotein cholesterol were recorded as described in detail elsewhere [8] . The serum PSA concentration was determined using an electrochemiluminescence immunoassay with Modular E170 (Roche, Tokyo, Japan). Insulin resistance (IR) was assessed using homeostatic model assessment (HOMA) calculated as fasting serum glucose insulin (lU/ mL) 9 fasting serum glucose (mmol/L)/22.5. Diabetes was defined as a fasting blood glucose concentration ≥126 mg/dL, glycated haemoglobin concentration ≥6.5%, or current use of insulin or antidiabetic medications.
We assessed LUTS using the Korean version of the IPSS which includes seven questions from the IPSS (incomplete emptying, frequency, intermittency, urgency, weak urinary stream, hesitancy and nocturia). Each symptom was scored from 0 to 5, with a total score in the range 0-35 [16] . Based on total score, urinary symptoms were categorized into two groups: no or mild LUTS (IPSS 0-7) and moderate or severe LUTS (IPSS ≥ 8) [2] . Clinically significant LUTS were defined as moderate or severe LUTS (IPSS ≥ 8).
Statistical Analyses
Characteristics of the study participants were explored according to sitting time and physical activity level. Category numbers were used as continuous variables in regression models to test for linear trends.
The primary endpoint was the development of clinically significant LUTS. Each participant was followed up from the baseline examination either until the development of LUTS, with the assumption of a date of diagnosis in the middle of the follow-up period or the last health examination, conducted prior to 31 December 2015, whichever came first. The incidence rates were calculated as the number of incident cases divided by person-years of follow-up. Cox proportional hazards model was used to estimate the adjusted hazard ratios with 95% CIs for incident LUTS. We used three models with progressive adjustment. The basic model was adjusted for age. Multivariable model 1 included physical activity and sitting time simultaneously as well as age, year of screening examination, study centre (Seoul, Suwon), smoking (never, past, current or unknown), alcohol intake (0, <20, ≥20 g/day, or unknown), educational level, total calorie intake (quintiles or unknown), history of diabetes and history of hypertension. Finally, the analysis was further adjusted for BMI. The proportional hazards assumption was assessed by examining graphs of estimated log (Àlog) survival. The number of categories was used as a continuous variable and tested on each model to determine linear trends of incidence.
In addition, we performed stratified analyses in prespecified subgroups defined by age (<50 vs ≥50 years), smoking (current smoker vs non-current smoker), alcohol intake (<20 g/day vs ≥20 g/day), and BMI (<25 kg/m 2 vs ≥25 kg/ m 2 ) [14] . The interactions by subgroup characteristics were tested using likelihood ratio tests comparing models with and without multiplicative interaction terms. All P values were two-tailed, and values of P < 0.05 were considered statistically significant. We used STATA version 14.2 (Stata Corp., College Station, TX, USA) for data analysis.
Results
The mean (SD) age, BMI and sitting time of the 69 795 participants were 39.7 (6.6) years, 24.4 (2.9) kg/m 2 and 8.4 (3.6) h, respectively. The correlation between sitting time and physical activity level was À0.15 (P < 0.001). Participants with HEPA were more likely to be older, and to have a higher total calorie intake and a history of diabetes compared with inactive participants (Table 1 ). Alcohol intake, systolic blood pressure and high-density lipoprotein cholesterol were positively related to physical activity level, whereas smoking, percent fat mass (%), total cholesterol, low-density lipoprotein cholesterol, triglycerides, PSA level and HOMA-IR were negatively related to physical activity level. By contrast, participants who reported a sitting time of ≥10 h/day were more likely to be younger and less likely to have a history of diabetes and a history of hypertension compared with those who reported <5 h/day. Education level, percent fat mass (%), HOMA-IR and total calorie intake were positively related to sitting time, whereas systolic and diastolic blood pressures, total cholesterol, high-density lipoprotein cholesterol and triglycerides were negatively related to sitting time. Table 2 shows the relationship of physical activity level and sitting time with the development of LUTS. During 175 810.4 person-years of follow-up, 9 217 participants developed LUTS (rate 39.0 per 1 000 person-years). Physical activity levels were negatively related to the risk of LUTS. In age-adjusted models, the hazard ratios for LUTS comparing minimally active and HEPA groups to the inactive group were 0.95 (95% CI 0.90-1.00) and 0.93 (95% CI 0.87-0.99), respectively. After further adjusting for year of screening examination, centre, educational level, smoking status, alcohol intake, total calorie intake, sitting time, history of diabetes and history of hypertension, physical activity level was still significantly, negatively related to the risk of LUTS (P for trend 0.011). After further adjustment for BMI, this association persisted. The corresponding hazard ratios (95% CIs) for LUTS comparing minimally active and HEPA groups to the inactive group were 0.94 (95% CI 0.89-0.99) and 0.93 (95% CI 0.87-0.99), respectively (P for trend 0.012; Table 2 ).
Sitting time was positively related to the risk of LUTS independently of physical activity level. In an age-adjusted The association of physical activity and sitting time with the risk of LUTS was also examined by pre-specified subgroups of study participants (Tables 3 and 4 ). The association between physical activity and the risk of LUTS was similar in clinically relevant subgroups (Table 3) ; however, sitting time of ≥10 h/day was significantly more strongly associated with incident LUTS in older men compared with younger men (adjusted hazard ratios 1.17 vs 1.03, respectively; P for interaction = 0.006 [ Table 4 ]).
Discussion
In this large cohort study of middle-aged Korean men, physical activity levels were negatively associated with the risk of developing significant LUTS, whereas sitting time was positively associated with the risk of significant LUTS, independently of physical activity level.
This study is the first to show that longer sitting time is associated with an increase in the risk of LUTS development, independently of physical activity and other potential confounders, indicating the independent effect of both prolonged sitting time and low physical activity level on the development of LUTS.
Previous studies have suggested that greater physical activity and exercise are associated with lower risks of LUTS in men HEPA, health-enhancing physically active; HR, hazard ratio. *Estimated from Cox proportional hazard model. Multivariable model 1 included physical activity and sitting time simultaneously as well as age, centre, year of screening examination, smoking status, alcohol intake, educational level, total calorie intake, history of diabetes and history of hypertension; model 2: model 1 plus adjustment for body mass index. Table 3 Hazard ratios* (95% CI) of LUTS (>8) according to physical activity levels in clinically relevant subgroups. [ [17] [18] [19] . The present cohort study showed that prolonged sitting time per se increased the risk of incident LUTS in addition to the effect of physical activity on LUTS. One possible explanation is that physical activity may protect against LUTS by decreasing resting sympathetic muscle tone, reducing systemic inflammation, antioxidant defenses, and endogenous hormonal factors, notably those related to the metabolic syndrome [19] .
The mechanisms whereby prolonged sitting time increases the risk of LUTS have yet to be elucidated. The association between prolonged sitting time and LUTS could be mediated by obesity as a result of a lower expenditure of energy [5, 20] . In the present study, however, the association between prolonged sitting time and incident LUTS was not attenuated after adjustment for BMI and this association was also observed even in non-obese men. Indeed, prolonged sitting can produce a unique physiological milieu in the pelvis and the lower extremity vasculature, leading to endothelial dysfunction, which, in turn, accelerates the atherosclerotic process. Additionally, prolonged sitting can suppress lipoprotein lipase activity, resulting in alterations in glucose and lipid metabolism [21] and/or a pro-inflammatory cytokines [22] , all of which are associated with atherosclerosis. Even though the role of atherosclerosis is still poorly understood in the pathogenesis of LUTS, atherosclerosis-induced pelvic ischaemia may affect functional and structural alterations of the detrusor [23] . Moreover, prolonged sitting may impair endothelial function and increase vascular oxidative stress [24] . Blood viscosity might be an alternative mechanism for endothelial dysfunction during sitting, which has been positively associated with increased coagulation and inflammatory markers [25] .
Further mechanistic studies are needed to understand why prolonged sitting is associated with increased risk of LUTS.
Interestingly, the risk of LUTS in older men (aged ≥50 years) was slightly higher than in younger men (aged <50 years), especially for excessive sitting times (≥10 h/day). While LUTS are relatively immutable consequences of aging, the relationship of excessive sitting time with LUTS demands consideration of additional modulators of these processes.
The present study has some limitations that should be considered when interpreting its findings. First, even though the IPAQ Short Form has acceptable measurement properties for population-based monitoring of physical activity levels and sitting time [9, 10] , the use of self-report questionnaires for assessing sitting time may produce measurement errors. Also, information on breaking during sitting time was not available, which might reduce the adverse changes associated with prolonged sitting time [26, 27] . Second, the IPAQ Short Form was not able to specify the type of sitting behaviour, e.g. leisure, television viewing, working, or commuting, which are associated with different health outcomes and have differing extents of association [28] . Third, the IPSS questionnaire has the potential for response bias, as responders may inaccurately report their urinary symptoms. Nevertheless, the IPSS has been validated in clinical samples and has been widely used in various studies. Finally, the present study was conducted in relatively young and middleaged Korean men. The mean age of the participants was 39.7 years, and only 162 were aged >65 years. Further analysis was therefore difficult in the group aged >65 years, so our results may not be generally applicable to other populations.
Despite these limitations, the results of the present study could be helpful, particularly from a public healthcare perspective. In future, studies with better measures of exposures, including sitting time, will help to address the current inconsistencies in the literature, provide more accurate information about the exposure variables, and thus produce more robust estimations of LUTS attributable to sitting time. In conclusion, the present large cohort study in middle-aged Korean men found that both low levels of physical activity and prolonged sitting time were associated with a higher risk of incident LUTS, independently of possible confounders as well as BMI. The positive association between prolonged sitting time and incident LUTS was stronger in men aged ≥50 years than in younger men. While further studies are still needed to examine the influence of sedentary behaviours on LUTS and its determinants, the findings from the present study suggest that older adults should be encouraged to reduce sitting time to limit deterioration of LUTS.
